Six crossbred steers (315 kg) with cannulas in the rumen, proximal duodenum and distal ileum were used to study the influence of level and source of dietary fat on characteristics of digestion. Dietary treatments consisted of a steam-rolled barley-based finishing diet containing 1) no supplemental fat; 2) 4% yellow grease (YG); 3) 4% blended animal-vegetable fat (BVF); 4) 8% YG; 5) 8% BVF or 6) 6% BVF and 2% crude lecithin. Increasing level of fat supplementation resulted in linear decreases (P < .01) in ruminal and total tract digestion of OM and ADF and intestinal digestion of fat (P < .05). At the 4 and 8% levels of supplementation, intestinal true digestibility of fat averaged 80.1 and 69.3%, respectively. Ruminal molar proportions of acetate decreased, and propionate molar proportion, as well as DE and ME values of the diet, increased linearly (P < .01) with level of fat supplementation. The DE and ME values for fat were 8.17 and 9.76 at the 4% level and 7. 35 and 8.72 Mcal/kg at the 8% level of supplementation, respectively. Yellow grease supplementation resulted in greater (P < .05) ruminal fiber digestion and greater ruminal molar proportions of propionate than BVF. Intestinal fat digestion was similar (P > .10) for YG and BVF. Adding 25% lecithin to BVF resulted in greater ruminal fiber digestion and greater ruminal molar proportions of acetate; however, lecithin tended (P < .10) to have a lower ME value than BVF.
Introduction
The feeding value of yellow grease (YG) and blended animal-vegetable fats (BVF) was compared at the 0, 4 and 8% levels of supplementation in a 125-d comparative slaughter trial involving 228 crossbred steers (Zinn, 1989) . Increasing the level of supplemental fat in the diet linearly improved rate of weight gain, feed conversion and NE value of the diet. Feedlot performance and estimated NE values of YG and BVF were found to be similar and did not appear to be influenced by level of supplementation. Partially replacing BVF with lecithin did not influence steer growth performance, carcass merit or estimated NE value of the diet. The objective of the present study was to evaluate the impact of level of supplementation of YG and BVF on characteristics of ruminal, small intestinal and total tract digestion of a steam-rolled barleybased finishing diet by feedlot steers. The influence of substituting 25% crude lecithin for BVF on characteristics of digestion also was determined.
cm from the pyloric sphincter) and distal ileum (20 cm from the ileo-cecai valve) were used to evaluate the influence of supplemental fat level and source on characteristics of digestion. Six dietary treatments were compared in a 6 x 6 latin square: 1) basal diet containing no supplemental fat; 2) basal diet plus 4% YG; 3) basal diet plus 4% BVF; 4) basal diet plus 8% YG; 5) basal diet plus 8% BVF and 6) basal diet plus 6% BVF and 2% crude lecithin (BVFL). Composition of the experimental diets was reported previously Zinn (1989) with the addition of .34% chromic oxide as a digesta marker. A single premix of chromic oxide and steam-rolled barley (making up 58.7% of the total dietary DM) was used in preparation of all six dietary treatments. Composition of the supplemental fats was discussed by Zinn (1989) . Feed intake was restricted to 5.65 kg DM/d. Equal amounts were fed at 0800 and 2000 daily. Following a 2-wk diet adjustment period, duodenal, ileal and fecal samples were taken from all steers twice daily over a period of four successive days as follows: d 1, 0750 and 1350; d 2, 0900 and 1500; d 3, 1050 and 1650 and d 4, 1200 and 1800. Individual samples consisted of approximately 500 ml duodenal chyme, 250 ml ileal chyme and 200 g (wet basis) fecal material. Fecal samples represented a composite of fecal material that accumulated on the floor slots during a collection interval. Duodenal, ileal and fecal samples from each steer and within each period were composited for analysis. During the final day of each collection period, ruminal samples were obtained from each steer at approximately 4 h postfeeding. Ruminal fluid pH was determined and, subsequently, 2 ml of freshly prepared 25% (w/v) metaphosphoric acid was added to 8 ml of strained ruminal fluid. Samples then were centrifuged (17,000 x g for 10 min) and the supernatant fluid was stored at -20~ for VFA analysis. Upon completion of the trial, ruminal fluid was obtained from all steers and composited for isolation of ruminal bacteria via differential centrifugation (Bergen et al., 1968) . The microbial isolate was prepared for analysis by oven drying at 70~ and grinding with mortar and pestle. Feed, duodenal, ileal 3Braun Aromatic KSM2, Aldrich Chemical Co., Inc. Milwaukee, WI. and fecal samples were prepared for analysis by oven drying at 70~ and grinding in a lab mill 3. Samples were oven-dried at 105~ until there was no further weight loss and were stored in tightly sealed glass jars. Samples were subjected to all or part of the following analyses: ash, Kjeldahl N, ammonia N (AOAC, 1975) ; starch (MacRae and Armstrong, 1968, modified as follows: starch was gelatinized by incubating flasks containing a 1-g sample and 25 ml distilled water in 100*C water bath for 3 h, .5 ml toluene was added to each flask to prevent microbial growth during enzymatic hydrolysis of starch); ADF (Goering and Van Soest, 1970) ; purines (Zinn and Owens, 1986) ; lipid (acid-ether extraction, Bohman and Lesperance, 1962) ; fatty acids (methyl esterification of fatty acids contained in acid-ether extract [Mason and Waller, 1964 ] followed by gas chromatographic analysis using 10% SP-2330 on 100/ 120 Chromosorb W AW packing in a 183 cm x 2 mm i.d. glass column with column, inlet and detector temperatures maintained at 180, 225 and 230~ respectively, and with carrier gas [N2] flow rate at 20 ml/min); VFA concentrations of ruminal fluid (gas chromatography using 10% SP-1200/1% H3PO 4 on 80/100 Chromosorb W AW packing in a 183 cm x 2 mm i.d. glass column with column, inlet and detector temperatures maintained at 120, 195 and 200*C, respectively, and with carder gas IN2] flow rate at 20 ml/min) and chromic oxide (Hill and Anderson, 1958) . Microbial organic matter and microbial N leaving the abomasum were calculated using purines as a microbial marker (Zinn and Owens, 1986) . Organic matter fermented in the rumen was c~nsidered to equal OM intake minus the difference between the amount of total OM reaching the duodenum and microbial OM reaching the duodenum. Feed N escape to the small intestine was considered equal to total N leaving the abomasum minus ammonia N and microbial N and, thus, includes any endogenous N. Methane production was calculated based on the theoretical fermentation balance for observed molar distribution of VFA and OM fermented in the rumen (Wolin, 1960) and all inherent assumptions. Endogenous urinary energy loss was estimated as .63Wkg "5~ (derived from Brouwer, 1965 and NRC, 1984 (NRC, 1984) . The constants .0655 and .131 represent the amounts of supplemental fat plus cottonseed meal that replaced steam-flaked corn in diets with fat supplemented at the 4 and 8% levels, respectively. The constants .389 and .611 correspond to the proportion of cottonseed meal and supplemental fat, respectively, in the supplemental fat plus cottonseed meal that replaced steam-flaked corn. The data from this trial were analyzed as a 6 x 6 latin square (Hicks, 1973) . Treatment effects were tested by the foUowing non-orthogonal comparisons: 1) linear effect of 0, 4 and 8% supplemental fat; 2) quadratic effect of 0, 4 and 8% supplemental fat; 3) YG vs BVF; 4) interaction of YG and BVF at the 4 and 8% levels of supplementation and 5) BVF vs BVFL.
Results and Discussion
The influence of level of fat supplementation on characteristics of digestion is shown in Table 1 . Increasing level of fat supplementation from 0 to 8% resulted in linear decreases (P < .01) in ruminal digestion of OM and ADF. The negative effect of supplemental fat on luminal fiber digestion has been reported previously (Brooks et al., 1954; Brethour et al., 1957; Kowalczyk et al., 1977) . The inhibitory effects of fat on fiber digestion may be brought about, in part, by physical coating of feed particles, which presumably would retard the rate of exposure to enzymatic attack, particularly in extreme cases where the melting point of the fat is near or exceeds the temperature of the rumen (MacLeod and Buchanan-Smith, 1972) . However, McAllan et al. (1983) observed that fat supplementation had a differential effect on digestion of various fiber components. The digestion of cellulose and xylose was affected to a much greater extent than for mannose, galactose or arabinose. Another basis for the depression in ruminal fiber digestion is the negative effect of supplemental fat on growth of protozoa (Czerkawski, 1973; Czerkawski et al., 1975; Girard and Hawke, 1978) and of fatty acids on cellulolytic bacteria (Henderson, 1973; Maczulak et al., 1981) .
The depression in luminal OM digestion with fat supplementation can be attributed partly (-47%) to differences in ADF digestion and the ruminal indigestibility of fat itself (Garton, 1967) . Consistent with previous studies (McAllan et al., 1983; Zinn, 1988) , ruminal digestion of starch and feed N were not affected by fat supplementation.
Small intestinal digestion of OM, ADF and starch was not affected by level of fat supplementation (P > .10). However, small intestinal digestion of fat decreased (P < .01) linearly with level of fat supplementation. Consistent with a previous study (Zinn, 1988) , differences in apparent intestinal digestibility of fat between the 0 to 4% level of supplementation were relatively small (2.4%). However, increasing supplemental fat from 0 to 8% depressed fat digestibility appreciably (11.2%). Adjusting proximal duodenal and distal ileal chyme for fat contribution of the basal (unsupplemented) diet, true digestibility of supplemental fat at the 4 and 8% levels of supplementation averaged 80.1 and 69.3%, respectively. These values are in close agreement with those of Palmquist and Jenkins (1980) , who observed that at moderate levels of supplementation (3 to 5%), true digestibility of fat was 80%, whereas fat added above that level was digested less efficiently (56%). Assuming a linearity of response, digestibility of supplemental fat decreased by an average of 3.4% for each percentage increase in level of supplementation above 4%. CMicrobiai N, g/kg OM truly fermented.
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Increasing level of fat supplementation resulted in linear decreases in apparent total lract digestion of OM (P < .01), ADF (P < .05) and N (P < 01). As mentioned previously, depressed fiber digestion has been a characteristic response to fat supplementation. The magnitude of this depression has been related to level of supplementation (Brooks et al., 1954; Brethour et al., 1957; Kowalczyk et al., 1977) , physical form of the fat (MacLeod and Buchanan-Smith, 1972; McAllan et al. 1983 ), type of fat (Davison and Woods, 1960; Devendra and Lewis, 1974) , mineral content of the diet (Brooks et al., 1954) , source of fiber (Davison and Woods, 1963; Erwin et al., 1963) and relative proportion of fiber in the diet (Devendra and Lewis, 1974) . However, for feedlot cattle, this depression is of greater academic than practical interest. Fiber usually makes up a very small proportion of a feediot diet, and digestion of dietary fiber normally is low. However, of greater concern is the possibility that reduced cellulolytic activity in the rumen will decrease rate of particle reduction and increase ruminal solids retention and fill, which, in turn, can reduce feed intake.
Consistent with previous studies (Robertson and Hawke, 1964; McAllan et al. 1983) , total tract starch digestion was not affected (P >. 10) by level of fat supplementation. Digestible energy and ME content of the diet increased (P < .01) linearly with level of fat supplementation. Calculated by difference, the DE and ME values for supplemental fat were estimated to be 8.17 and 9.76 at the 4% level and 7.35 and 8.72 Mcal/kg for the 8% level of supplementation, respectively. The DE value of supplemental fat also can be calculated from the gross energy of the supplemental fat and estimates of true digestibility. In this manner, the DE of supplemental fat at the 4 and 8% levels of supplementation averaged 7.74 and 6.70 Mcal/kg, respectively. These estimates are about 7.0% lower than those obtained using the difference technique. Lower energy values for fat also have been observed in poultry when estimates were based on fat digestibility (Lessire and Leclercq, 1982) . Such discrepancies presumably are due to the failure of the latter technique to account for the interactions between supplemental fat and components of the basal diet in the absorption of dietary energy. This point is particularly relevant with respect to the estimates of ME. The ME/DE ratios for both levels averaged 1.19. The ME/GE ratio of supplemental fats averaged 1.01 and .90, respectively, at the 4 and 8% levels of supplementation. These high ME/gross energy values are consistent with a ratio of 1.04 observed by Czerkawski et al. (1966b) for fat infused into the rumen of sheep fed grass hay and presumably reflect an associative effect of supplemental fat on ruminal methane production.
There was a quadratic effect (P < .05) of level of fat supplementation on passage of microbial N to the small intestine (Table 1) . Compared with the basal diet, supplementation of fat at the 4% level tended to stimulate net microbial synthesis, whereas supplementation at the 8% level tended to depress net microbial synthesis. Fat supplementation did not influence (P > .10) ruminal degradation of feed N. Consequently, changes in net microbial synthesis caused a quadratic effect (P < .05) of fat supplementation on ruminal protein efficiency (non-ammonia N leaving the small intestine/N intake). However, the lower microbial synthesis at the 8% level of supplementation largely is a reflection of decreased OM fermented in the rumen, because microbial efficiency (microbial N g/kg OM fermented) tended (P > .10) to be increased at both the 4 and 8% levels of fat supplementation. This tendency for increased microbial efficiency with fat supplementation is consistent with an earlier study (Zinn, 1988) .
The influence of level of fat supplementation on the fatty acid profile of chyme entering and leaving the small intestine is shown in Table 2 . The principal differences in the composition of duodenal chyme with level of fat supplementation were a linear increase (P < .01) in palmitic acid and a linear decrease in stearic acid. In ileal chyme, the relative proportion of stearic acid increased (P < .01) linearly with level of fat supplementation, suggesting that the digestibility of this fatty acid was reduced as a result of level of supplementation. This observation is consistent with other studies (Lennox and Garton, 1968; Andrews and Lewis, 1970 ) that have demonstrated comparatively lower rates of digestion for stearic acid.
The influence of level of fat supplementation on ruminal pH and VFA profiles 4 h postfeeding and calculated methane production is shown in Table 3 . Level of fat supplementation did not influence (P > .10) ruminal pH. However, ruminal molar proportions of acetate decreased (P < .01) and propionate increased (P < .01) linearly with fat supplementation. Estimated methane production decreased linearly (P < .01) with level of fat supplementation. Decreased acetate, increased propionate and decreased methane production have been consistently observed with fat supplementation (Czerkawski et al., 1966a; Clapperton et al., 1969; Dinius et al., 1974; Zinn, 1988) . These shifts in end-products of fermentation may be explained, in part, by direct competition of fatty acid double bonds as hydrogen acceptors. However, as noted by Czerkawski et al. (1966a) , the decrease in methane production is, at times, much greater than would be expected based on the number of double bonds; direct infusion of palmitic acid into the rumen also will depress methane production. Thus, the changes in end-products of fermentation with fat supplementation noted here may be related largely to direct effects of supplemental fat on ruminal protozoal and bacterial populations. This conclusion is consistent with the observed interaction between monensin and supplemental fat on end-products of fermentation (Zinn, 1988) . There were no interactions (P > .10) between YG and BVF fat at the 4 and 8% levels of supplementation on characteristics of digestion. The main effects of source of supplemental fat on characteristics of digestion are shown in Table 4 . Blended fat resulted in a greater (P < .05) depression in percentage ruminal digestion of ADF and starch than did YG. Two characteristics of fat source that may be pertinent to these effects are degree of saturation and free fatty acid concentration. Unsaturated fatty acids have greater effects than saturated fatty acids on growth of cellulolytic bacteria in pure culture (Henderson, 1973) . Semi-continuous culture experiments of Jenkins (1987a) also indicated an association between degree of saturation of fatty acid mixtures and fermentation. Because, in the present study, BVF was more highly saturated than YG (Zinn, 1989) , YG should have been more inhibitory than BVF on ruminai digestion. On the other hand, BVF also had a substantially higher proportion of free fatty acids than YG (52.8 vs 9.7%, Zinn, 1989) . Chalupa et al. (1984) observed that free fatty acids were more inhibitory in vitro than an equivalent amount of triglyceride; however, their study involved either all triglyceride or free fatty acids. Other studies (Jenkins, 1987a) indicated that a higher free fatty acid content of blended fats had less inhibitory effect on ruminal fermentation. The proposed basis for this synergistic effect between free fatty acids and triglycerides is that higher proportions of free fatty acids have been found to inhibit biohydrogenation (Moore et al., 1969; Noble et al., 1974) .
Although BVF depressed ruminal digestion of ADF and starch, there was a compensatory increase in digestion in the small intestine for CMicrobial N, g/kg OM truly fermented.
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OM (P < .10) and ADF (P < .05). Apparent digestion of fat in the small intestine was similar for the BVF and YG diets (P > .10),
although adjusting proximal duodenal and distal ileal chyme for fat contribution of the basal diet gave estimates of true digestibility 5. 0% higher for BVF than for YG (74.6 vs 71.0%, respectively). This result contrasts with findings of Czerkawski et al. (1966b) , who noted a greater total tract digestibility of fat (linseed oil) fed as the triglyceride than as free fatty acids. Total tract digestion of starch, ADF and N was not affected (P > .10) by fat source. The BVF-supplemented diets had a higher total tract digestion of OM (P < .10) and DE (P < .05). Across level of supplementation, the estimated DE and ME values averaged 7.76 and 9.24 for YG and 8.97 and 10.14 Mcal/kg for BVF, respectively. The higher energy value of BVF compared with YG probably was a result of both higher true digestibility as well as the tendency for shifting the site of digestion to the small intestine. These differences were not apparent from results of the comparative slaughter trial (Zinn, 1989) . Perhaps higher levels of intake may have minimized the difference between fat sources.
The main effects of source of supplemental fat on fatty acid profile of chyme entering and leaving the small intestine are shown in Table  5 . The BVF-supplemented diet resulted in higher relative proportions of myristic (P < .05) and palmitic acid (P < .01) in the duodenal chyme, whereas the proportion of stearic acid was lower (P < .01). In contrast to previous in vitro studies (Moore et al., 1969; Noble et al., 1974) , the higher free fatty acid content of BVF did not influence (P > .10) the extent of ruminal biohydrogenation of oleic and linoleic acids. In ileal chyme leaving the small intestine, the proportion of palmitic acid was higher (P < .01) and stearic acid was lower (P < .01) for the BVF-supplemented diets. The higher proportion of palmitic acid entering the small intestine of steers fed the BVF-supplemented diet is consistent with the higher palmitic acid content of BVF (Zinn, 1989) .
In light of the extensive biohydrogenation of fatty acids in the rumen and the consistent observation that palmitic acid had a higher intestinal digestibility than stearic acid (Andrews and Lewis, 1970; Johnson and Leibholz, 1980 ), it appears that one practical index of the feeding value of blended fats is a high palmitic acid concentration.
The main effects of source of supplemental fat on ruminal pH and VFA profiles 4 h posffeeding and calculated methane production are shown in Table 6 . There were no fat source effects (P > .10) on ruminal pH. Yellow grease supplementation resulted in a greater (P < .05) ruminal molar proportion of propionate and a lower (P < .05) molar proportion of butyrate than BVF-supplemented diets. This result is in agreement with semi-continuous culture experiments of Jenkins (1987a) , who found that tallow resulted in greater molar proportions of propionate than a blended animal-vegetable fat containing approximately 50% free fatty acids. Estimated methane production was lower (P > .05) for the YG-supplemented diets.
The influence of adding 25% crude lecithin to BVF on characteristics of digestion is shown in Table 7 . Supplementation with BVFL resulted in greater (P < .05) ruminal ADF digestion than with the BVF-supplemented diet. Differences in ruminal digestion of ADF were compensated for by a tendency (P < .10) for increased small intestinal digestion of ADF with the BVF diet. Small intestinal digestion of fat tended to be slightly higher (4.5%) for the BVFL diet; however, differences were not statistically significant (P > .10). Accounting for fat contribution of the basal diet, true digestibility of BVF and BVFL at the 8% level of supplementation averaged 72.5% and 77.5%, respectively. The basis for a higher estimate of true digestibility of BVFL is uncertain. There were no treatment effects (P > .10) on fatty acid profiles of chyme entering or leaving the small intestine (Table 8) . Because micellar solubilization of the otherwise highly saturated fatty acids entering the small intestine may limit intestinal fatty acid absorption (Garton, 1967; Lennox and Garton, 1968) , perhaps some ruminal escape of phosphatidic compounds occurred with the lecithin-supplemented diet. Work is needed to determine the fate of dietary phosphatides in ruminants.
Total tract digestion of OM, starch, ADF, N and DE were not affected by including lecithin in the blend (Table 7) . However, the BVF diet tended (P < .10) to have a higher estimated ME value. The estimated DE and ME values were 8.29 and 9.20 for BVF and 7.92 and 8.21 Mcal/kg for BVFL, respectively, at the level of 8% of the diet. Lower energy value determined for BVFL is supported by a digestion trial involving lambs (Jenkins, 1987) in which lower DE values were observed for crude soy lecithin-supplemented than for com oil-supplemented diets and are consistent with the slightly lower NE value determined for BVFL in the comparative slaughter trial (Zinn, 1989) .
The addition of lecithin to BVF did not influence (P > .10) ruminal pH (Table 9) . However, the BVFL diet resulted in a greater (P < ,05) molar proportion of acetate and a tendency (P < .10) for lower molar proportion of butyrate than the BVF diet. Methane production also tended (P > .10) to be higher for the BVFL diet; this may account, in part, for the lower ME value of the BVFL compared with the BVF.
Based on an average ME value of 9.69 Mcal/kg for supplemental fat and the generalized relationship between ME and NEg (NEg = 1.42 ME -.174 ME 2 + .0122 ME 3 -1.65; NRC, 1984) , the NEg value for supplemental fat in this trial calculates to be 6.87 Mcal/kg. This estimate is considerably higher than the average NEg of 4.61 Mcal/kg obtained for these two fat sources in a comparative slaughter trial (Zinn, 1989) . Based on this comparison, the partial efficiency of conversion of ME to NEg for these supplemental fats was 48%. This estimate is considerably lower than previous estimates (82% by Czerkawski et al., 1966; 61 to 74% by Garrett et al., 1976) . The high partial efficiency by Czerkawski et al. (1966) was obtained using respiration calorimetry and may be attributed to differences in methodology. Comparative slaughter techniques do not include any additional energy retained in visceral fat noted with fat supplementation as indicated by the increase in kidney-pelvic-heart fat percentage (Zinn, 1989) . Partial efficiencies obtained by Garrett et al. (1976) were based on the generalized assumption that ME is 82% of DE. Though valid for other nutrients, this factor does not appear valid for supplemental fat, as discussed earlier. Assuming that ME is 119% of DE for fat, as discussed earlier, the partial efficiency (NEg/ME) for supplemental fat estimated by Garrett et al. (1976) recalculates to be 42 to 51%, similar to our estimate of 48%.
In conclusion, increasing level of fat supplementation of a steam-rolled barley-based finishing diet decreased ruminal and total tract digestion of OM and ADF, decreased ruminal acetate:propionate ratios and decreased methane production. Intestinal true digestibility as well as DE and ME values of fat decreased as level of supplementation increased from 4 to 8%. The principal differences among the commercial fat sources evaluated revolve around their influence on ruminal fiber digestion and end-products of fermentation. The practical significance of this latter point may be relevant particularly in diets (e.g., growing diets) that contain higher levels of lowerquality forages. 
